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7. Mill a hundred miles east of Pittsburgh, 1876: 2,625 
pounds of coal to the ton of iron, in a single furnace, and 
2,100 pounds of coal in a double furnace, The foregoing 
figures are taken from the books of the concern, and show 
the average results of a number of months of actual work, 
No mention was made as to whether the works were running 
single or douhle turn, but the figures unmistakably in
dicate double turn, and are favorable at that. It will be 
noticed that the double furnace shows an economy over the 
single, in the use of coal, of exactly 20 per cent. 

8. Pittsburgh, 1876: Double turn; 2,497'36 pounds of 
coal to the ton of iron; ore, 448 pounds. These figures are 
for the month of April 

on first usage. It has been noted that the largest number of 
cases of rupture occurred while the vehicles were traveling 
slowly, or even while at rest. 

The consequences of a broken axle are not so dangerous 
as commonly supposed. The results observed of the 162 
cases above referred to were: 

Derailments . ........... . . ...... . ....... .. . 
Injury to vehicles. . . .. . .. . .. .. . ........... . 

" " and to the road ............. . 
Slight wounding of four men .. . .. . ......... . 
No bad consequences ........................ . 

4 
38 
14 

1 
105 

Total .................................. 162 9. Chattanooga, 1876: We quote the language of our in
formant: "The quantity of coal used to make a ton of pud-
dled iron and get up the furnace was 36 bushels of 80 pounds. During the preceding year the records were quite as 

favorable. The quantity of ore allowed for fix was 150 pounds." 
10. Pittsburgh, 1876: Single turn, extending over a period 

of three months; 2,698 pounds of coal to the ton of iron. 
"This, " says our informant, "includes, of course, lighting; 
up, but does not include steam coal, which, according to our' 
estimate, is three bushels (128 pounds) per ton of puddled 
bars." 

11. Mill in Ohio, and on the Ohio River: From July 3. 
1875, to April 15, 1876; single turn, with little exception; 
coal to ton of iron of 2,000 pounds. 2,660 pounds. 

1873 .. No case of wounding. 
1872 .. A single accident followed by personal injury. 
1871 .. Two accidents followed by personal injury. 
1870 .. No case of wounding. 

These results are due in part to the solid construction of 
the vehicles, and also to the mode of coupling which sus
tained the car after the axle had ceased to support it. 

In the above cases the rupture took place 
At the journals in ........... " ...... 56 per cent. 
At the mterior of the naves or storks ... 22 " 
In the same . ... .. ................ 13 
Against the middle of the axle ......... 6 

The foregoing figures show very distinctly what great 
economy there is in running double turn, as respects the 
consumption of coal. But in addition to this, the "wear 
and tear " of the furnace must be taken into consideration. 

I This is very much less when running double turn than when 
running sin�le, on acco�nt of the violent changes of .tem-, The same proportions were observed in other years. 
perature WhICh occur m the latter case; but the dlffer-' If axles were constructed in all their parts as they should 
ence i� the cost of repairs under. the two conditi�ms can only be, according to the strains which such parts have to supbe arnved at. or closely approxImated, by keepmg a correct port, cases of rupture would be as numerous at one point as account of the same for a long period of time. It will be at any other, and since the plurality of breakages occurs at noted also that the double furnaces consume a far less quan- the journals, this shows that the latter have the weakest tity of coal than single-in one clearly defined case the sav- section. The strengthening of the journals however would ing is exactly 20 per cent., which is by no means inSig- j not be of much importance because the sm�llest cradks may 
nificant, and IS worthy of serious consideration. there be instantly noticed: and the axles removed before 

An English paper now before us, states it is not unusual i rupture takes place. Besides, the consequences of axles 
in that country to turn out a ton of puddled bars with 21 broken at the journal are much less dangerous than when cwt. of pig iron and 14 cwt. (1,568 lbs.) of coal. If this those of axles broken in the middle or in the nave. statement is correct, it shows a far greater economy in the It may be objected that these data are not of any especial use of coal in the puddling furnace than the figures present- value. because 'they relate only to axles broken and not to ed by the American mills, as given in the preceding para- i those removed from service because of cracks. But as breakgraphs, and should set our mill men to thinking. The same 

I 
ages are only produced where cracks exist, it follows that pa�r also says that at th� Woolwich Arsenal careful ex- , there is a close relation between the two. Axle rupture 

penments showed that consIderably over 50 per cent could does not occur suddenly when there is no fault in the metal, be saved in fuel simply by making the grates short and or in the absence of some special circumstance. The cracks 
wide, instead of square.-American Manufacturer. appear first. Out of the 162 cases referred to, 70 per cent. 

began from cracks, and only 30 per cent. showed fresh 
fractures. This circumstance is favorable, in as much as 

[Translated from the Moniteur Industriel Beige.) warning is given of a damaged axle in time. 
ON AXLE BREAKAGE. With regard to the fonn of the rupture, not much. in a 

By W. THAMM, Engineer-in-Chief of the Kaiser Ferdinand's general :vay, can be sa�d. :Journals almost al�ays ?reak 
N ordbahn Railway. concentncally from the mtenor toward t.he e:ctenor (FIgS. 1 

, and 2). Ruptures elsewhere, as shown m FIgS. 3 to 8, pre-
ACC?RDIN? to numerous works which have been publisl?-ed i sent no determinate fonn. Fig. 9 shows the fracture of 

regardmg raIlway axle breakage, and the dangers resultmg' axle broken through prolonged heating. 
therefrom, ideas on this subject widely differ, and hence a. It may be mentioned here that hard steel should not be 
few positive data based on authentic records may tend used for axle-making, for almost all the steel axles broken 
toward its elucidation. The facts have been obtained from were of hard steel. Moreover, among the iron axles, 29 per 
the German and Austro-Hungarian railroads chiefly, as well cent. only had fresh fractures, while m the steel axles there 
as from those of other countries. was 58 per cent., and cases have been noted where the latter 

Relatively to the number of ruptures which are produced broke into two or three pieces, a circumstance never found 
in a year, it has been detennined: 1. That the number is so in iron axles. One hard steel axle broke in the middle, pre
small that danger resulting from axles breaking may be con- cisely at the point where the number of the axle was marked, 
�idered as no longer existin� . . 2. That this number dimin- the fract�re falling exactly in the groove I::?ade by t�e figure 
Ishes yearly. And 3. That It IS greater for tenders than for 1. It wIll be seen further that hard steel IS not sUItable for 
locomotives, and for cars than for tenders. One hundred and axle-making on account of the dilatations and the numerous 
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sixty-two accidents of this type which occurred in 1874, 
took place in the following proportions: Locomotives, 17; 
tenders, 34; cars, 111. Considering the number of vehIcles 
in service on the lines where the ruptures took place, it ap
pears that the ratio of axle breaking was 1 in 415 for locomo
tives, 1 in 185 for tenders, and 1 in 1,588 for cars; or 1 acci
dent per 1,170 axles, no distinction being made as to the 
nature of the vehicle. Supposing each vehicle to have two 
axles, it would follow that a period of 585 years must elapse 
before an axle would probably break anew in the same 
vehicle. 

The diminution of the number of accidents happening in 
1874 is 11 per cent. in comparison with the number for 1 873, 
40 per cent. compared with that of 1872, and 49 per cent. 
compared with that of 1871. The circumstance that the 
axles of tenders break more frequently than the others, is due 
to the more considerable strains to which tender axles are 
submitted by the repeated use of brakes. Concerning the 
months during which the cases of breakage are the most 
abundant, those in which cold weather prevails offer the 
majority of instances, probably because the body of the road 
is then frozen, the shocks are harder, and the axles, especially 
those of steel, possess their'minimum resistance. The aver
age lifetime of axles is from 10 to 12 years. The maximum 
is 24 years , and the minimum is zero, as many axles break 

Fig .. 1 

AXLE BREAKAGE. 

shocks to which axles are submitted, and which hara metals 
support badly. On the other hand, very few axles of soft 
metal were noted among those fractured 

About half the axles ruptured were broken in ordinary 
usage, 19 per cent. through bad material, 17 per cent by 
heating, and the remainder through various causes, such as 
defective adjustment, bad construction, derailments, etc. 
Nearly all these circumstances may be avoided by good con
struction of vehicles and axles, by proper care of vehicles, 
and by careful choice of material. Add to this the fact that 
all the axles broken through ordinary use had old cracks, 
which, for the most part, could not have been remarked, and 
it may be considered that the means is at hand for diminish
ing the number of axle ruptures, and so augmenting the 
security of travel. 

We add the following particulars relative to the cases of 
rupture represented, in the annexed figures: 

Fig. 1 Saxon State Railway. Fore and hind axles of six
wheeled tender of passenger train, fine grained iron of Hart
mann, Chemnitz. Number of miles run, 244,587. Both 
fractures are in the journals. 

Fig 2. Magdeburg-Halberstadt Railway. Axles of mail 
car, fagoted wrought iron. Miles run, 243,899. Fracture 
in journal. 
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Fig. 3. Berg-Mark Railway. Open goods wagon of ten 
tons, Horde patent fagoted iron. Miles run, 72,268. 
Fracture on exterior side of nave. 

Fig. 4. South Austrian Railway. Driving axle of freight 
engine, having three coupled axles, refined fagoted iron. 
Rupture in hall crank. 

Fig. 5. Niederschles-Mark Railway. Driving axle of ordi
nary train engine, Krupp cast steel, not tempered Miles 
run, 245,317. Break from the interior side of nave. 

Fig. 6. Austrian State Railway. Six-wheeled tender of 
freight engine, fagoted wrought iron of Prerali. Brake 
in the nave of the wheel. 

Fig. 7. Cologne Minden Railway. Driving axle of ex· 
press engine, Bochum cast steel. Miles run, 159,920. 
Break from interior side of nave. 

Fig. 8. South Austrian Railway. Four-wheel covered 
freight wagon, fagoted Zeitweg iron. Break from interior 
side of nave. 

Fig. 9. Alsace-Lorraine Railway. Four-wheel covered 
freight wagon. Forged puddled steel of Vanderzypen & 
Charlier. Miles run. 28,059. Twisted by he:tting. 

ACTION OF BURNING GUNPOWDER ON STEEL. 
SOME striking experiments have been lately made, by M. 

Daubree, on the physical and mechanical action of strongly 
compressed incandescent gas arising from combustion of 
powder. In one case a thin steel plate (23 sq. ctm. surface), 
rolled uP. was inclosed in the chambel along with 12 grms. of 
powder, which was fired by electricity. The steel was com
pletely fused, and transfonned into an ingot curiously twist
ed and swollen, resembling the ferruginous skeleton of some 
meteoric irons. A good deal of the iron had passed into the 
state of sulphuret, found as a fine powder. These remark
able changes must have occurred in a fraction of a second. 
In another series of experiments the gases formed had op
portunity of escape by a small orifice in the side of a hollow 
cylindrical cock (with conical top) adapted and screwed into 
the chamber. Here the hot particles of gas fused and carried 
off the steel in the state of fine powder, which was sulphur
ized immediately. The cock was put considerably out of 
shape, deep sinuous furrows being made in its surface, and 
in one case reaching the central cavity so as to make a second 
orifice, while the terminal cone wholly disappeared. An 
abundant metallic dust, incandescent, was projected into the 
atmosphere. Analogous phenomena probably occur in 
volcanoes, meteorites, etc.-Nature. 

STRENGTH OF BRICKS. 
THE Royal Society of Engineers at Berlin has been ex

perimenting during the past five/ears on the strength of 
building materials. The results 0 experiments upon bricks 
are stated in the following summary: 

1. Common bricks.-Number of sorts, 55; number of tests, 
843. Pressure at which the first crack was noticed-limits, 
597 and 2,672 pounds; or an average pressure of 1,420 pounds. 
Crushing pressure-limits, 697 and 3,200 pounds; or an aver
age of 1,765 pounds. 

2. Hard burned bricks.-Number of sorts, 35; number of 
tests, 850. Pressure at which first crack was noticed-limits, 
1,114 and 3,257 pouilds; or an average of 2,175 pounds. 
Crushing pressure-limits, 1,536 and 4,395 pounds; or an 
average of 2,760 pounds. 

In the experiments an entire brick was placed in the ma
chine, and the pressure per square inch when the brick first 
cracked was noted, as also the pressure which finally crushed 
it. The Department of Public Works of Berlin allows a 
pressure of 200 pounds per square inch, where the best pf 
bricks and cement are used. 
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FRICTION. 

A NEW INVESTIGATION OF ONE OF THE LAWS OF FRICTION. 
By A. S. KIMBALL, 

Professor of Physics in the Worcester Institute of Industrial Science. 

REULEAUX, in the appendix to his recently published. 
"Cinematics of Machinery, "  says that" many engineering 
schemes have failed because they were designed in accord
ance with the statements given in our text·books as the laws 
of friction." He furthermore adds, "that it is time that the 
experiments of Bochet and Hirn should be raised from their 
place as foot notes to a position in the text." 

During the last year, I have conducted experiments, on as 
extensive a scale as our laboratory would allow, for the pur
pose of settling, if possible, certain contested points in the 
doctrine of friction. 

Our manuals of mechanics, following Morin and Coulomb, 
say the co ·efficient of friction does not vary with the velocity. 
Bochet says that it decreases as the velocity increases. Hirn 
says that It increases as the velocity increases. Contradictory 
as these statements are, it is probable that each contains a 
partial truth. They need to be combined to make a com
plete statement. 
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